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RESULTS OF A PRESSURE LOADS INVESTIGATION ON
A 0.030-SCALE MODEL (47-0TS) OF THE
INTEGRATED SPACE SHUTTLE VEHICLE CONFIGURATION
5 IN THE NASA AMES RESEARCH CENTER
9 x 7 FOOT LEG OF THE UNITARY PLAN WIND TUNNEL (IA81B)
by |

E. Chee, Rockwell International Space Division
ABSTRACT

Presented in this report are results of wind tunnel test IA8IB. The
model tested was a 0.030-scale model of the Integrated Space Shuttle

Vehicle Configuration 5. Testing was conducted in the NASA Ames Research

Center 9 x 7-foot Unitary Plan Wind Tunnel to investigate pressure dis-
tributions for aeroloads analysis at Mach numbers from 1.55 through 2.5.
Angles of attack and sideslip were varied from -6 to +6 degrees.

This report consists of 1 volume of force data and 4 volumes of
pressure data for a total of 5 volumes. They are arranged in the follow-

ing manner:

Volume No. Contents é
1 IA81B force data %

2 IA81B plotted pressure data %

3 IA818 tabulated pressure data §

(2) orbiter fuselage pages 1-299 %

(b) 1eft lower wing surface rages 300-728 3




Volume No.

4

ABSTRACT (Concluded)

Contents

IA81B tabulated pressure data

(a) left upper wing surface

ébg right lower wing surface

c) right upper wing surface
IA81B tabulated pressure data

(a) 1left vertical tail surface
éb; SRM booster

c) external tank
d) miscellaneous orifices

iv

pages 729-1187
pages 1188-1299
pages 1300-1459

pages 1460-1571
pages 1572-1759
pages 1760-2058
pages 2059-2163
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CAF, CNF, CLMF versus ALPHAI
CNF versus CLMF

CY, CYNF, CBL versus BETAI
CY versus CYNF
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NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficient; (p; - pw)/a
Mach number; V/a

pressure; N/m*, psf

dynemic pressure; 1/2pV°, N/m”, psf

unit Reynolds:number; per m, per ft
velocity; m/sec, ft/sec

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; ka/m3, slugs/ft3

Reference & C.G. Definitious

GH?_ES

QU%

base areu; me, £t
wing spun or reference span; m, ft
center of graviily

reference length or wing mean
nerodynamic chord; m, ft

wing ares or reference areeg; m2, ft2

moment reference point
moment reference polnt on X exis
moment reference point on Y axis

moment reference point on Z axis

base

local

static conditions
totel conditions
frec streem
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NOMENCLATURE (Continued)

(IRR YT IR

Body-Axis System i
PLOT i
T SYMBOL SYMBOL DEFINITION ,
| 3
' Oy CN normal-force coefficient; %ﬂlsfg.sz ;
} Ca CA axisl-force coefficient; 951_81_52.93‘_22 %
1 3
C cY side-force coefficient; Side force 3

X jo————
q ¥

Cap CAB bese-force coefficient; b_________esesfor ce

A q

"Ab(pb - pm)/qs

CAf CAF forebody axial force coefficient, Cp - CAb

Cn CIM pitching-moment coefficient; pRitching moment
SLRer

Cn CYN yswing-moment coefficient; X.'Mms_._."s_me.ﬁ
q

cy CBL rolling-moment coefficient; rolli:g_bmoment

Stability-Axis System

/8.
B o BN et XNl A TR G 53 5 e B0 N

c cL 1ift coefficient; 21ift
L o5
3 Cp CD drag coefficlent; drag
: QS
: c CDB base-drag coefflcient; D&se drag
3 Dy qS
;, CDf CDF forebcdy drag coefficient; Cph = CDb
&
Cy cY side-rorce coefficient; _s_i_._d_e__;‘w
4 q
Cm CIM pltehing-moment coefficient; Ritching moment
-k aslrer
Cn CLN yawing -moment coefficient; &in.gs':%_m
o CeL rolling-moment coefficient; Loiling moment
/4 a5b

:
h ~
i (J‘ L/D L/D lift-to-drag ratlo; Cp/Cp
: R
:




NOMENCLATURE (Continued)

Additions to Standard Nomenclature

Plot

Symbol Symbo1

Defintion

AbET

bsra
Cy CABET

CA CABO

CABSRB

external tank base area, ft2

body flap upper surface area, ft2

Orbiter base area, ft2

OMS pod base area, ft2
SRB base area, ft2

external tank base axial force coefficient
Orbiter base axial force coefficient
SRB base axial force coefficient

external tank total axial force coefficient

external tank forebody axial force coefficient
Orbiter forebody axial force coefficient
SRB forebody axial force coefficient

Orbiter total axial force coefficient

12
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NOMENCLATURE (Continued)

Plot
Symbol Symbo1l Definition
CP Orbiter average base pressure coefficient
b
0
XS XS SRB longitudinal station, in.
Xslzs X/LS location on SRB, fraction of SRB body length aft
of SRB nose -
XT XT extenal tank longitudinal station, in.
XT/zT X/LT location on ET, fraction of ET body length aft of
ET nose
Yo YO Orbiter lateral station, in.
YS YS SRB lateral station, in.
Yo YT external tank lateral station, in.
Zb vertical distance from MRP to Orbiter base area
0 centroid, in.
Zo 20 Orbiter vertical station, in.
ZS JAS SRB vertical station, in
ZT JA) external tank vertical station, in.
% ALPHAO Orbiter angle of attack, degrees
%g | ALPHAL left SRB angle of attack, degrees
L
aSR ALPHAR right SRB angle of attack, degrees
oy ALPHAT external tank angle of attack, degrees
By BETAO Orbiter angle of sideslip, degrees
15
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Symbol S;r]ngg]
BBL BETAL
BSR BETAR
Br BETAT
S ELV-IB
S, ELV-0B
S RUDDER
Sgp SPDBKK
n 2Y/b

¢ PHI
Ca,

81 BETAI
o ALPHAI
X/LB X/LB
Y/BW Y/BW
Z/BV Z/BV

NOMENCLATURE (Continued) s

Definition

left SRB angle of sideslip, degrees
right SRB angle of sideslip, degrees

external tank angle of sideslip, degrees

inboard elevon deflection angle, degrces
outboard elevon deflection angle, degrees
rudder deflection angle, degrees

speedbrake deflection angle, degrees

spanwise station, 2Y/b
radial location, degrees

orbiter sting cavity axial force coefficient

integrated vehicle angle of sideslip, degrees
integrated vehicle angle of attack, degrees

longitudinal position/body length (fuselage)
local spanwise position/wing span

local spanwise position/vertical tail span

16 ()
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Symbo1 Symbol
Cng CYNF
Cmg CLMF
Cg CNF
Ca CAFAFO

1:O
cNu CNALFA
Xeplty ~ WAC/LV
Yep/ty  YAC/LV
Cyg CYBETA
ACA, DCAF
AC DCNF

Ng
8o, DCLMF
CHMI CHM
CHM2 CHM2
CHM3 CHM3
CHM4 CHM4

NOMENCLATURE (Continued)

Definition

forebody yawing moment coefficient, body
axis system

forebody pitching moment coefficient
forebody normal force coefficient

forebody axial force coefficient at zero alpha

derivative of normal-force coefficient with
respect to alpha, per degree

vertical tail chcrdwise center of pressure
location

vertical tail spanwise center of pressure location

derivative of side-force coefficient with
respect to beta, per degree

incremental forebody axial force coefficient

incremental forebody normal force coefficient

incremental forebody pitching moment coefficient
contributions of the forward bridge to the
inboard elevon hinge moment coefficient

contributions of the aft bridge to the
inboard elevon hinge moment coefficient

contributions of the forward bridge to the
outboard elevon hinge moment coefficient

contributions of the aft bridge to the
outboard elevon hinge moment coefficient

17
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NOMENCLATURE (Concluded)

Data Set Identifiers
The fourth letter of the data set identifier indicates the component,

e.g., RETTO4.

Force
0 Orbiter
T External Tank
L Left SRB
R Right SRB
H Orbiter - Hinge moment
I Integrated Vehicle
Pressure
B Orbiter Fuselage
L Left Wing lTower surface
U Left Wing upper surface
W Right Wing lower surface
R Right Wing upper surface
v Left Vertical Tail
S SRM Booster
T External Tank
c Miscellaneous Orifices |
18 ()
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CONFIGURATIONS INVESTIGATED

The model was a 0.030-scale representation of the Rockwell Inter-
national Space Shuttle Integrated Vehicle. The Orbiter was per VL70-
000140A/B lines. The external tank represented VL78-000063 lines. The

" solid rocket motors were per VL72-000066 lines. Figures 2a, b, and ¢

present sketches of the model configuration. Model simulation included
attach structure protuberances, fairings, fuel feed lines, vent lines,
etc. (basic model construction was of ARMCO 17-4 steel).

Model forces and moments were measured by 3 Task Corporation six
component balances. A 2.5 in. MK XXA was mounted in the Orbiter. A 2.0
in. MK 11IC was mounted in the external tank. A 1.5 in. MK IIC was
mounted in the LH SRB. The balances are attached to stings entering each
component through the base areas. Figures 2m and 2n show the balance
locations in the model. The RH wing inboard and outbdard elevon panels
are instrumented with hinge moment gages as shown in figure lc.

Surface and base pressures were measured on the Orbiter, external
tank and solid rocket motors. The Orbiter was instrumented with a total
of 480 pressure-orifices, of which 6 were base and cavity pressuras. The
external tank was instrumented with a total of 314 pressure orifices. The
LH SRM was instrumented with a total of 149 pressure orifices. Orifice
locations are presented in tables IV through VIII and figures 2d through
2 1.

The following model shorthand configuration notation was used:

LVA' = ATog thru 32 FL10 FL11 FRio Nag Oy PTyz PT22.27 S21 Tos

19
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CONFIGURATIONS INVESTIGATED (Concluded) o

Attach hardware structure

n

AT28 thru 32

FLig = LHy feedline

FL11 = L0y feedline

FR10 = Umbilical door fairing

Ng6 = Nozzles for solid rocket boosters
y = Bag Cg Eaq Fg Mg Nog Ry Vg Wy
PTy2 = Lightning rod on nose of Tpg

PT22 thru 27 External protuberance

2 = Solid rocket boosters

Tog External tank

Where moiel dimensions are as described in table III. The LVA' con-
figuration was tested with speed brake gap both sealed and open and with
elevon gap both sealed and open. The (instrumented) right elevon gap
was sealed by a permanent sponge rubber seal. The left elevon gap was

sealed with plaster. Speed brake gaps were sealed by red wax.

vt T DO AT B e AN

—
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TEST FACILITY DESCRIPTION %

The Ames Research Center 9 by 7 foot Supersonic Wind Tunnel is a i

closed-circuit, air-medium, variable-density faci]ity capable of attain- f

ing Mach numbers from 1.55 to 2.50 at Reynolds numbers from 1.5 x 106/ft ;

to 6.5 x 106/ft. The 18 foot long test section is part of a dual system i

of supersonic circuits and uses the same motors and compressor as the é

8 by 7 foot tunnel. A sliding-block throat arrangement is used to con- :

trol tunnel Mach number. é

Models are supported by means of stings attached to the wall-to-wall %

1

strut/BCR system of the 9 by 7 foot tunnel. i

Schiieren photograph, shadowgraphs, and pressure monitoring instru- §

mentation are available. é

z‘
1

—_ :
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DATA REDUCTION

A11 balances data were reduced to coefficients about a moment re-

ference point located at:

X, = 976.0 in.

T

YT = 0.0 in,

Z, = 400.0 in.

T

The following reference dimensions were used:

S = 2690.0 ft?

L, = 1297.0 in,

Hinge moment data were reduced about their respective hinge lines

using the following reference values:

= 2
Se = 210.0 ft

Ce = 90.7 1in.

Base and forebody coefficients were calculated as follows:
Ay Ay
C, = -C O tani, -C o
N P 5 b PboMs o
bo bo 0

Apt
ey Cp  ——
Noe  Por

22
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“A
bsrs

fsre

A
bey

= 597.56 ft

DATA REDUCTION (Continued)

A
: bsra
bsrs

C, - C
Ay~ Pbg

¢, -C
Aer Ao

ET

¢ -C
A A
SR8 bspp

2

a 2
Abf 142.6 ft

A, = 314.10 £

\]

Ab = 122,57 ft

OMS

2

T R b R

3
;




DATA REDUCTION (Concluded) ]

A, = 201.07 £t2

SR8
ibo = 14.75°
Xpg = 1329.7 in.
Xbo = 1263.0 in.
Zbo = 336.5 in.

Base pressure coefficients represented the average pressure on the
respective bases. Body flap pressure coefficients were as given by figure
20.

Right SRB forces and moments were calculated as a mirror image of left

SRB forces and moments about g8 = 0:

Coefficient on Coefficient on
Right SRB . Left SRB
at +8 at -g

Forces and moment on each component (Orbiter, ET, left SRB, and
right SRB) were interpolated versus the respective angle of attack and
angle of sideslip of each component to nominal angles. These data were

then added to provide total integrated vehicle forces and moments.

24
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a TABLE III. -MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ATTACH STRUCTURE - AT3p

GENERAL DESCRIPTION: Forward SRB to ET attach structure (LH and RH).

MODEL SCALE: 0.030

DRAWING NO.: VL78-0000€6, Martin Marietta 82600204300

DIMENSIONS:
Attach point Xy

Y

s e o o L

FULL SCALE  MODEL SCALE

985.6%5 29.570

-172.50 {(LH) - 5.175
172,50 (RH) 5.175

0.0 0.0
L42.675 13,280
80.00 2.400
0.0 0.0
244,675 7.340

- 184.5 (LH)=—5.535
184.5 (RH) 5.535

0.0 0.0

o
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TABLE III. -~ MODEL DIMENSIONAL D:TA - Continued.

MODEL COMPONENT: ATTACH STRUCTURE - ATqj

GENERAL DESCRIPTION: Rear ET to SRB attach structure (IH & RH), 3 members,

MODEL SCALE: 0.030 MODEL IRAWING:

S —————

DRAWING NO.: ___ VL78-000063, -000062B, -000066
DIMENSIONS: MEMBER FULL SCALE  MODEL 3C:<LE

#f XT -_2058,00 __Al.7h
YT —=171.50 gLH - -
171,50 (RH) _ 5.145

YA\ 457.00 13.710
Xg —4511,00  __ 45,33
Yg — %32k 1597
Zg 570 __1.710

2 X —_2058.00  __61. 74
YT - 163,58 - 4,916
Zt _4u9.81  __13.494

Xs 1511.00 45.33
Ys 76,56 2,297
Zs 15,73 0,472

# X7 2058, 00 61.74
Yr - __=161.72 - 5,852
ZT 34,3.00 10,

Xs 1511.00

Ys - 53.24 1.597
Zs - 57.00 =170
Diameter of members, In.: #
e
#

32 i)
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:giﬁ MODEL. COMPONENT: ATTACH STRUCTURE - AT32

MODEL SCALE: 0.030

DIMENSIONS: MEMRER
a %
Yo
(Attach pt on orb Zp= 614) %,

(Attach pt on tank) Zp

o

(]
-3

Diemeter, In. $

33
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TABLE III.- MODEL DIMENSIONAL DATA - Continued.

GENERAL DESCRIPTION: Forward orbiter /ET attach structure (2 member structure)

DRAWING NO.: VL78-000C42B, Martin Marietta 8250020914

FULL SCALE MODEL SCiLE

388,15 11,6445
0.0 0.0

IWR ML IWR MI.

1209 34,05
562,58 16.877
388.15 11.645

Q.0 0.0

R et
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TABLE III.- MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :__BODY - Bog

GENERAL DESCRIPTION : _Configuration 140A/B orbiter fuselage

NOTE: Boz is identical to B, except underside of fuselage has been

refaired to accept WH_&

VODEL SCALE: 0,030 MODEL DEAWING NO,: SS-AQQ:47, Rel. 12
DRAWING NUMBER : W

-000140A, -000140B

DIMENSIONS : FULL SCALE

MODEL SCALE

length (OML: Fwd Sla. X,=235), In. 1293.3 38.799
Length (IML: Fwd Sta. Xo=238), Tn.1290.3 38,709
Max Width (@ X, = 152e.3), In.  __264.0 7,920
Max Depth (@ X, = 1464), In. 250,00 7,500
Fineness Ratio 0,2h4 0,254
Area - Ft2

Max. Cross—Sectional —00,88 0,307

Plunform'

Wetted

Base

34




EmEREE

TABLE II1I1. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : __CANOPY - Cg

GENERAL DESCRIPTION : __Configuration 3A. Canopy used with fuselage B, ..

MODEL SCALE: 0.030 MQDEL DWG NO. - SS-AQQ]47
DRAWING NUMBER : VL70-000143A
DIMENSIONS : FULL SCALE MODEL SCALE
Length (X, =434. 643 to 578), In. 143,357 4.301
Max Width (Xo= 513.127), In. 152.412 4.572
Max Depth (At Xo = 485.), In. : 25, 000 0.750

Fineness Ratio

Areo

Maox. Cross—Sectional

Planform

Wetted

Base

35




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELEVON - E,

GENERAL DESCRIPTION: 4.0 In, F.S. gaps machined into E,, elevon, Flapper

docrs, centerbody pieces, and tipseals are not simulated, (Data are for

one of two sides).

MODEL SCALY: _ 0.030

DRAWING NUMBER: Not available

DIMENSIONS:

Area -- Ft2

Span (equivalent), In.

Inb'd equivalent chord , In,
Outb'd equivalent chord, In.

‘Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord ’

At Outb'd equiv. chord
Sweep Back ‘Angles, degrees

Leading Edge

Trailing Edge

Hingeline -
(Product of area % c)

Area Moment (Novmadodoohdngecddoe) Ft.

Mean Aerodynamic Chord, In.

36
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TABLE I1I. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :___BODY FIAP - Fg '

GENERAL DESCRIPTION : Configuration 140 A’B

MODEL SCALE: 0.030

DRAWING NUMBER : ._VL70-000140B, -000200

DIMENSIONS : FULL SCALE MODEL SCALE

Length (Chord), In. 84.7

2,541

Maox Width , In. 262,308

7.869

Max Depth , In. 23.00

0,690

Fineness Ratio

Area - Ft.2

Max. Cross—Sectional

Planform 142.60

0.128

Wetted

Base 41.90

0,0377 '
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 1
MODEL COMPONENT: FEEDLINE - Fljq

GENERAL DESCRIPTION: LH, feedline on upper left-hand side of Toa.

MODEL SCALE: 0.030
DRAWING NO.: VL78-000063, -000062B

DIMENSIONS: FULL SCALE MODEL_SCALF
Leading edge at: X 2071.5 62.145
Yp - 70.0 - 2,100
&y 573.934 17.218
Trailing edge at.: ' Xp ' 2081.80 62,450
Yo - 70.00 - 2,10
Zr 584.059 17.522
Diameter of line (17.0 I.0n.) 18.160 0.545
38 |
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‘ TABLE I'I. - MODEL DIMENSIONAL DATA - Continued. i
MODEL COMPONENT : FEEDLINE - FLy; ’
GENERAL DESCRIPTION: LO, feedline on upper right-hand of T%SL
]
MODEL SCALE:_ 0.030 ‘,?
DRAWING NO.: VL78-000063, VI.78-000062B i
DIMENSIONS: i
FULL SCALE MODEL SCALE
Leading edge at: Xy 1000-667 __30.02 :
Y; 70. 00 2.10 3
1 150.519__4.516 i
Trailing edge at: X7 2071.5 62. 145 ]
Yo 70. 00 2.100 i
a
I 573.934 _ 17,218 i
Line diameter (17.01.D,) (0.D,) 18. 16 0.545
39
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TABLE III. -MODFL DIMENSIONAL DATA - Continued. )
MODEL COMPONENT: FAIRING - FR3n
GENERAL DESCRIPTION: Umbilical door fairing between aft FET/orbiter

attach structure,

MODEL 3CALE: 0.030
DRAWING NO.: VI.7R-000043, -000042B, Martin Marietta 82600207000 !

DIMFNSIONS: FULL SCALE  MODEL SCAL™
Leading edge at 2052.0 61.7%
Length 193.0 5.79

Width - 15.0 0.45




‘ TABLE III. -YON"I DIMENSIONAL DATA - Coatinued.
MODEL COMPONENT: __ M5 POD - Mig

3
PUR—

GENERAL DESCRIPTIQN: ~ Sonfiguration 140C orhiter QMS pod - shart pad

MODEL SCALF: 0,030,

DRAWING NUMBER VL70-008401, -CORWIO
DIMENSION: ' , FULL SCALE  MODEL SCALE
Length (OMS Fwd Sta. X =1310.5), In. 258,50 7.755
Meax Width (@ Xo = 1511), In. 136.8 4.104
Mox Depth (@ X, = 1511), In. 7. 2,2
Fineness Ratio 2.48L 2,484
Area - Ft2
Max Cross-Sectional 58,864 0,083
Planform
Wetted
Base
(s a
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TABLE II1. - MODEL DIMENSIONAL DATA- Continued.

MCC:L COMPONENT: (MS NOZ7ITS = Moo . D

GENERAL DESCRIPTION: Configuration 1408 ‘S orbiter OMS Nazzles

MODEL SCALE: 0.03C

DR/VING NUMBER: 35-A00106, Yel Contour

DIMENSIONS: FULL SC:LE MODEL SCALE
MACH NO. ‘

Lengta - In.
Gimbal Point to Exit Plane
Throat Lo Exit Plane

Diameter - In.
Bxit
Throat
Inlet

2

irea - ft
Exit
Throat

Gimbal Point (Station) - In.
Left Uppewx Nozzle

Xo 1518.00 45.54
Yo - R2.0 --2,6l
Zo — 497,00 _14,76 _
Fight hoeer Nozzle
Xo 1518.00 45.54
Yo 28.0 2,64
lo —hQ2.00  _AL25
Null Position - Deg.
Left Upper Nozzle
Pitch 15049 150491
Yaw 12017 42017
Ripht DBower Nozzle o . o
Pitch 15°49! '
Yav S ¥ s LM ¥\ LN
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TABLE 1II. - MODEL DIMENSIONAL DATA - Continued.
MODEI, COMPONENT: BSRM NOZZLE - Ngg

CENERAL DESCRIPTION: Booster solid rocket motor nozzles,

MODEL SCALE: 0.030
DRAWING NO.: VL70-000066
DIMENSIONS: FULL SCALE MODEI. SCALE

Diameter, D, - In. (I.D.) 144.29 L.3287
Diameter, Dyy - In. (0.D.) 16.79 4.4037
Diameter, DT - IN,

Diameter, Dijn - In.

Area - Ft2
Max. Cross-sectional (I.D.) 113.553 0.102
Gimbal Origin:
Left Nozzle
Xq 1902.6 57.078

Y, --250.50 = 7.515

Zq 400.0 12.00

Right Nozzle
%o 1902.6 57.078
Yo 250,50 7.515
Zo 400.0 12,00
Null Position: (Deg.)
Left nozzle gimbal +8 +8

Right nozzle gimbal + 8 + 8
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TABLE III. - MODEL DTMENSIONAL DATA ~ Continued.
MODEL COMPONENT: ET PROTUBERANCE - PTy2

GENERAL DESCRIPTION: Lightning rod attached to ET nose.

MODEL SCALE:- 0.030

Length 30.90 0.927
Diameter -~ In. 3.20 0.096

DIMENSIONS: FULL SCALE MODEL SCALE
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

£y
L4
i-

GENERAL DESCRIPTIQN: Left-hand electrical conduit line on T2g:

J O A

MODEL SCALE: 0,030,

DRAWING NUMBER _VL78-000063, -000062B

SR NPRIRTNE SRS LT L IR EREPEDE R S

DIMENSION:, - . FULL SCALE MODEL SCALE

Leading edge at: Xo 1084, 32,530 1
Yo —=99,591 _=—2.988

z =139.620 - 4.189 ;
T i
Trailing edee at: X7 —2052.000.  __6LLZWO 3
Yo - 99.591 - 2.988

Conduit size: | 20x60  _006xQ18
Centerline of line located radially at @ = 35.5 dag. ' ;
;
3
bl




TABLE III. - MODEL DIMENSIONAL DATA - Continued. [-
MODEL COMPONENT: 1O RECIRCULATION LINE - PT23

GENERAL DESCRIPTION: LOj recirculation line on right-hand upper side

side of T28'

- MODEL SCALE: 0.030

DRAWING NO.: VL78-000063, =000062B, Martin Marietta 82600207000

E ; DIMENSIONS: FULL SCALE MODEL_SCALE
- Leading edge at: x-r’i‘ 1040.667 31.220
Yp 94.169 2.825
, Zp 540.934 16.228
| Trailing edge at: Xp - 2062.920 61.888
Yp 70,000 2.100
Zr 573.934 17.218
: Diameter of line 4.0 0.120

f Centerline of line located radially at @ = 33°45¢
(Right of TDC looking forward)

BT T T P v o PR NPTy S TP TP TP Y




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPCNENT: LH, RECIRCULATION TINE - PTZh |

GENERAL DESCRIPTION: I.Hz recirculation line on T28’

DY)

MODEL SCALE: 0.030

ORRRL T SR R

1 LRAWING NO.: VL78-000063, -000062B, Martin Marietta R2600207000

DIMENSIONS: FULL SCALE MODEL_SCALE

g : Leading edge at: X 1040, 667 31.220
f Yr - 94.169 - 2.825
g 21 560.934 16.228 %
Trailing edge at: X 2062,920 41.888 |
y Tr - 70.00 ~2.100 !
i 7 573,934 17.218
; Diameter of line 4.00 0.120

Centerline of line located radially at @ = 33945
(Laft of TDC looking forward)
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELECTRICAL LINE - PT,¢

GENERAL DESCRIPTION: Right-hand aft electrical conduit line on Tg with

LH, pressur r_1li LOX t ve actuator line.

MODEL SCALE: 0. 030

DRAWING NO.: VL78-000063, -000062B, Martin Marietta 82600207000
DIMENSIONS: .
FULL SCALE MODEL SCALE
Leading edge at: XT 1084.333 _ 32,530
Y1 99.591 2,988
Z1 139,620 4.189
Trailing edge at: X7 __2058.000 _ 61,74
Y 99.591 ___2.988
Z; 139.620  4.189
Line diameter 2.0x 6.0 0.06x 0.18

Centerline of line located radially at @= 35.5°

48
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

WODEL COMPONENT: 10, PRESSURE LINE - PT,,

GENERAL DESCRIPTION: LO, pressure line on Tpg.

MODEL SCALE: 0.030
DRAWING NO.: VL78-000063, =000062B, Martin Marietta 82600207000

MODEL SCALE

DIMENSIONS: | FULL SCALE
Leading edge at: X 360.733
Yo 15.145
2y 407.718
Trailing edge at: Xp 2083.5
' Yr 63.25
20 £09.00

Centerline of line located radially at ¢ =27°

Line diameter 2.0

49
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10.822
0.454
12,232
62.505
1.898

18,27

0.060
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MODEL COMPONENT: ELEGTRICAL LINE - PT2y

} section of Thg.

MODEL SCALE: 0.030

DRAWIN( NO.: VL78-000062B

DIMENSIONS:
Leading adge at: X
: Yp
27
Trailing edge at: Xt
2r

50
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

GENERAL DESCRIPTION: Flectrical conduit on the right-hand forward

FULL SCALE

360.733

11.549
412,474
876.273
226.114
646.774

Centerline of conduit located radially at @ = 47.5°

10.822
0.346
12.374
26,288
6.783
19.403




TABLE 1II. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: KUDDER = Ry

GENERAL DESCRIPTION: Configuration 140C orbiter rudder (Ideptjcal )
configuration 140A /B rudder),

MQDEL SCALE: 0.030

DRAWING NUMBER: VLZ0-0001LAR, =-000095

DIMENSIONS : FULL-SCALE MODEL SCALF
Area - Ft2 100,15 0,090
Span (equivalent), In. 201.0 4.03
Inb'd equivalent chord, In. 91.585 2,748
Outb'd equivalent chord, In. 50.833 1.525

Ratio movable surface chord/
total surface chord ;

At Inb'd enuiv. chord 0.400 0,400
At Outb'd equiv. chord 0.400 0,400
Sweep Back ‘Angles, degrees |
Leading Edge .83 B e f
| Trailing Edge 26,25 26,25
Hingeline - 34,83 3u.83
(Product. .of area % ¢)
Area Moment (Normadotoohdogecddoe),Ft3 £10.92 QN o o) TS
Mean Aerodynamic Chord, In. 73.2 2.196

o mn.
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT:  BOOSTER SOLID ROCKET MOTOR - So1

GENERAL DESCRIPTION:

MODEL SCALE: 0.030 ,

'DRAWING NUMBER  VL72-000143D, VL77-000066

DIMENSION: FULL SCALE MODEL SCALE
Length (Includes.nozzle), Tn. 1789.40 53.682
XHOWEdth Tank Diame” | In. 146.00 4L.38
fxocoDepth ATt shroud Dia., In, 192,00 5.76
Fineness Ratio 9.3198 9,3198
Area - Ft2

iox Cross=Sectional 201.062 _0.1809
Planform
Wetted
Bose
WP of BSRM centerline (Z&v) 400.0 1.200
FS of BSRM nose (Xrp) 743.0 22,29
BP of BSRM centerline (Yr) 250.5 7.515
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TABLE II1. - MODEL DIMENSIONAL DATA - Cortinued.

MODEL COMPONENT: EXTERNAL TANK - T

GENERAL DESCRIPTION:

NOTE: (Dimensions are to tank structural OMI, TBS nat included )

JMODEL SCALE: 0.030 .
DRAWING NUMBER . _YL72-000143D, VL78-000043 _
DIMENSION: . FULL SCALE  MODEL SCALE !
Length | In, : 1844, 275  ec 208 ‘
Max Whith Dia., In. 331,00 9,93
: Max Depth
1 Fineness Ratio 5,687 5,687
‘. Area - Ft2
Max Cross-Sectional 594,678 0,053
Plonform
Wetted
Base

3
§
i

£ 2
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TABLE IiI. - MODKL DIMENSIONAL DATA ~ Continued.

MODEL COMPONENT: VERTICAL - VR . 4
GENERAL DESCRIPTION: _Contiguratio c c 1 (3 ical
0 13)

MODEL SCALE: 0.030
DRAWING NUMBER: ___ VL70-000140C, =0001 LAR

DIMENSIONS: FULL SCALE MODEL SC:LE
TOTAL DATA
Area (Theo) - Pt
Planform 413,253 0,372
Span (Theo) - Im. 315.72 9,472
Aspect Ratio 1,475 1.875
Rate of Taper Q.507 Q.5Q7
Taper Ratio __ O L0L = 0.L0L ..
! Sweep-Back Angles, Degrees.
! Leading Edge _ 45,000 _4L5.000
i Trailing Edge 26.25 26,25
i 0.25 Element Line a3 W3
i
§ Chords:
" Root (Theo) WP 268,50 . 8,055
| Tip (Theo) WP 108,47 3.25L
u MAC _199.81 —5.992
. Fus. Sta. of .25 M/C 146335 13,901
3 B.L. of .25 MAC 0,00 0.00
- Airfoil Sectlon
o Leading Wedge sngle - Deg. 10,00 10,00
f Trailing Wedge Angle - Deg. 14,92 1h.92
leading Edge Radius 2,00 0.060
i
B Void Area 1117 0.0019 .
Blanketed Area Q0 . .09
,
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TABLE III. - YODKEL DIMENTTONAT, DATA - Concluded.

MODEL CTOMPONENT:  WING-W 714

SEVERAL DESCRIPTION:

Confipnration 4

Yo,

Tdentical +o ", ., excent ajpfail thickness, Dihedral ansle is alone

ooty

trajline ndee of wine,

2ANTT, ACATE 0,030
ST ONT, OWG. NO. VL70-00014.0A, -000200
CIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA
Area ..neo0,) Ft2
°lanform 2490, 0N 2.421
Span {Theo In, 93h. %%t 22.10
Aspect Ratio 2, 248 2,245
Rate of Taper 1,177 1.177
Taper Ratio : ‘ 0,200 0..200
Oihedral Anc¢le, degrees 3,500 3,570
Incidence Angle, degrees - 0,500 0,500
Aerodynamic Twist, degrees 3,000 000
Sweep Sack Angles, degrees
Leading Edge 5. 000 L5, 000
Trailing Edge - 10.0s/ - 10.054
0.25 Element Line 35,209 35,209

Chords:

Root (Theo) B.P.0.0.

55
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A29, 24 20,477
Tipo, (Theo) B.P, 137,85 RER
MAC IS N
Fus, Sta., of .25 MAC 1132.82 3),.105
W.P. of ,25 MAC 290,58 2,717
B.L. of .25 MAC . 182,13 5. LAl
EXPOSED DaTA 2
Area (Thec) Ft 1751,50 1.575
Span, (Theo) In. BP108 720,65 21.A2C
Aspect Ratio 2.059 2.059
Taper Ratio 0.2.5 0.245
Chords
Root BP108 562,09 14,8413
Tip 1.00 b 137,65 135
MAC 392,873 11.775
Fus. Sta., of .25 MAC 115,93 5.572
W.”. of .25 MAC 29/,. 30 £, 270
B.L, of .25 MAC 251,77 7,553
Airfoil Section (Rockwell Mod NASA)
XXXX~64
Root b = 0.113 0,113
2
Tipb = N.120 0,170
® ;
Data for (1) of (2) Sides
Leadng Edge Cuff 2
Planfcrm Area Bt IR o
Leading Edce In%ersects Fus M, L, @ Sta 500, 0 15.00
weading tdge Intersects Wing 2 Sta 102100 30,72
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TABLE IV.

ORBITER WING PRESSURE TAP NUMBERS
oaamza LEFT WING PRESSURE TAP NUMBERS
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b. Model Attitude Definition
Figure 1. - Continued.
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VOLTAGE | VOLTAGE

ELEVON EINGE MOMENT WIRING DIAGRAM
TYPICAL FOR INBOARD AND OUTBOARD ELEVONS

c. Elevon Electrical Hookup and Sign Conventions

Figure 1. - Concluded.
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c. (T,g) External Tank Protuberances

Figure 2. - Continued.
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PRESSURE ORIFICE LOCATION OF LEFT WING PANEL

215
209 210 211 212 213214 | 214 :
Yo 110 208 =iz - - e ‘_‘T*:‘ . =235(Cp0caL =931 IN)) :

H . - !
| o iy T - M= 299 (CLoCAL = 781 IN.) ;
Y, 170 = M= 366 (CpocaL= 615 IN.)

!

m 2 427 (CLoCAL = 469 IN.) :f

| - _ i
Y, 280 %;‘? | M=534(Cpoc, " 395 N

Y 315 - M= 675(C 1 ocAL= 318 IN.)
, o
PRESSURE ORIFICE LOCATION , ‘,
OF KIGHT WING > . SR P 9= = : = N.
R PANE L Y, 365 % 77780 =(Cp o, = 258 IN.)
: 412431410409 408 4oq 106, , Yo run o
: T . 415 > o =
‘ §
{
419 “?ns Y, 455 N2 972(Cp o ap = 158 IN,) !
418 415 i
421 420 414 - n=1,00
—_— . oD, 41
429 428 4,5 423
O3B e WING TIP
427
ELEVON HINGE LINE
Y, 170 FUSELAGE STA 1387
e. Orbiter Wing Pressure Tap Locations

Figure 2. - Continued.
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FUSELAGE ORIFICE LOCATION
NOTE:
VIEW LOOKING AFT

.« '
3

89

0° é
FUS STA 235 FUS ST/ 45 FUS STA 265 FUS STA 295
31 !
30
19 18 l// 3
Zo = 338 ! i
7 5 339.867 1 2= \..)\27 89.500 ;
) SUHEL N e R :
. 7 1NN /
' Zb/ V3 '\4
22 .
FUS STA 325 wUS STA 380 1‘ FUS STi 450 ;
FUS STA 440
55 54 [30) D/& '
' , / 59 WINDSHIELD | 7
/ 41 s
2 = ~40 o7 N—s2 2,=377.200
3%5. 067 \39 365. (00 \51 °
L\Q:E“ 56/’ \\)§o
4‘-,/ 16 37 Z"
40 \&
FUS STA 465 FUS S SUS S i
FUS STA 46 us TASOOw““)‘bU TA 560 FUS STA 625 ﬁ
WINDSHIIFLD 85 96 ]
74 SHIEL 104 ;
13 94 105
7/ sy o fz
/’//81 ‘““\\,193 F/lO? %
2N T -3 Z, - 400
3.81.83’, """80 : —92 . . —101 ‘
/ N ~ot Noo 4%
78 )
“%4 ‘>7 94 }0 1& | 39
88 ik 76 98

f. Orbiter Forward Fuselage Pressure Tap Locations

Figure 2, - Continued.
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FUS STA FUS STA FUS STA 980 TUJS STA 1680

113 123
114 112 l21221
N1 7120 m {3
110 119
109 f 118 (l i E E
i15 107 108 124 116 117 127 125 126
FUS STA 1180 FUS STA 1245 FUS STA 1300 FUS STA 1375
174
163
3 }42 . 164 162
141 161
60
140 1589
139 158
144 137 1%% 155 145 146 165 1 157
FUS STA 1430 FUS STA 1480 BODY FLAP
FUS STA 1830
194 193
o 192
1
190  FUS STA 555 197 g 00
, 19 Zo 400
189 500 201
188 = S UPPER
goz zz‘bss LOWER
195 186 187 .208.28 ==UPPER __ : WER
206 207
FUS STA 590

g. Orbiter Aft Fuselage Pressure Tap Locations

Figure 2. - Continued.
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2. Side View
Figure 3. - Model photographs.
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b. Rear View

Figure 3. - Concluded.
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APPENDIX
TABULATED SOURCE DATA
VOLUME 1 | (Force) i
VOLUME 3 Pages 1-728  (Pressure)
VOLUME 4 Pages 729-1459 (Pressure)
VOLUME 5  Pages 1460-2163 (Pressure)

e b Y S e

Tabulations of plotted data may be obtained
- from Data Management Services upon request.
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